Abstract. The search for new physics beyond Standard Model is one of the most important physics programs at the e-p collider HERA. Searches for various exotic phenomena using up to 1995 data are summarized as an introduction, and the new results from the H1 and ZEUS collaborations including 1996 data, on the excess of high-Q 2 high-x neutral current DIS events are described.
INTRODUCTION
At HERA, electrons (positrons) and quarks (or partons in general) in the proton interact with each other at a very short distance. At Q 2 = 10 4 GeV 2 , the probed distance is of the order of 10 ?16 cm which is one over a thousand of the proton radius. This is one order of magnitude smaller than the region explored by xed-target DIS experiments. Also, the available total energy p s is 300GeV at maximum, which is larger than LEP2 total energy. Various searches for exotic physics manifestations have been done by both H1 and ZEUS experiments, which are summarized in the following.
If electrons or quarks are not elementary particles, excited states of these particles can be produced in e-q interaction, which subsequently decay into various nal states (for example, e ! e ). Searches for such excited fermions have been done and are reported in 1, 2] .
If there are right-handed electron neutrinos (N R ) and they are heavier than right-handed W(W R ), N R can be created in right-handed charged current process and can decay in the chain N R ! eW R ; W R !0 . The nal states will look like 2-jet neutral current events in which dijet mass and e-jet-jet mass make resonant peaks. ZEUS has reported about the search results in 3].
The e ect of new physics with a very high mass scale at a lower energy can be approximated by an e ective four-fermion point-like interaction called contact interaction. The mass scale appears in the Lagrangian as the denominator (mass ?2 ) in the e ective coupling. The existence of such new physics will alter the neutral current DIS cross sections at high Q 2 . These cross sections were measured and compared with Standard Model 4, 5] .
Existence of leptoquark is suggested by many models beyond Standard Model. It is a new boson with both lepton and quark quantum numbers, and HERA is an ideal place to produce it. If it decays into eq nal state, it is identical to neutral current DIS events and makes a resonant peak in the cross section at x = M 2 =s, where M is the leptoquark mass. It could also decay into charged current mode ( q 0 ), or to leptons with other avors ( q; q) which have a distinct characteristic of lepton avor violation. Searches for these nal states, using data up to 1994, are reported in 4,6{8].
Supersymmetry (SUSY) is widely believed to be the most promising model which explains many of the theoretical problems in Standard Model. If Rparity R = (?1) 3B+L+2S , where B; L; S being baryon, lepton number and spin respectively] is violated, a squark can be singly produced in e-q interaction, e.g. e + d !ũ;c;t. They can decay into ed nal state, which shows the same signature as leptoquarks, but depending on SUSY parameters also R-parity conserving decay can happen where the squark decays into quark and chargino or neutralino. If R-parity is not violated, SUSY particles can only be produced in pair. At HERA, eq !ẽq can occur through t-channel neutralino exchange.
For both cases H1 has made extensive searches and reported in 9, 10] Above searches are based on e ? p collision data in 1993 and 1994 (about 1pb ?1 available for analysis) and e + p data in 1994 and 1995 (about 10pb ?1 ). All searches gave negative results and new limits on the mass or coupling of the new physics were obtained. This also means that cross sections of neutral and charged current DIS were con rmed to be consistent with Standard Model up to Q 2 10 4 GeV 2 where the statistics become too few.
In 1996, HERA continued to provide e + p collisions and we got another 10pb ?1 of data usable for analysis. Therefore, both experiments combined e + p data of 1994 to 1996 and compared the number of high-Q 2 events with Standard Model. The results 11,12] are described in the following.
NEUTRAL CURRENT DIS EVENTS AT HIGH Q 2
The cross section of neutral current (t-channel exchange of and Z) e + p scattering can be written as:
where is the electromagnetic coupling. Contribution from longitudinal structure function F L can safely be neglected in the high-Q 2 , high-x kinematic region considered in the analysis. The structure functions F 2 and F 3 contain the information of quark distribution functions, together with the coe cients consisting with the electric charge and weak coupling constants of positron and quark, as well as the propagation factor coming from the Z exchange and ? Z interference. As Q 2 = sxy, the 1=Q 4 dependence of the cross section means 1=y 2 at xed x, thus the cross section falls down as y increases. On the other hand, in the case of scalar leptoquarks for example, y shows a at distribution since it is related to the decay angle in leptoquark rest frame. Therefore, to separate the e ect of new physics, one should look at the events at high-y, namely high-Q 2 region.
Both experiments make similar event selections. A primary event vertex obtained from tracking information is required to lie in the interaction region. The longitudinal momentum E ? P z is required to be close to twice the positron beam energy to make sure that no signi cant energy has escaped to the beam pipe in the incident positron direction. Then the scattered positron was searched for as an isolated electromagnetic cluster in the calorimeter with high transverse energy, with a matching track where applicable. There are additional cuts to remove background events such as QED Compton, where one nds positron and photon back to back in the transverse plane. The selection e ciency in the kinematic region studied is about 80% for both experiments.
As we observe the scattered positron and the current jet from the scattered quark in the detector, one can use four variables, the energy and polar angle from each, to calculate the kinematics. As there are only two independent kinematic variables, there is a redundancy and one can use di erent methods to con rm consistency of the event. H1 quotes 7GeV for the resolution of mass reconstruction. At M = 200GeV, this corresponds to 7% resolution in x. In ZEUS, the x resolution (in the region x > 0:45) is 9% for y > 0:25 and improves to 6% for y > 0:5. The Q 2 resolution by ZEUS is typically 5% at large x and y. The kinematic variables for the events at high x, high y were cross-checked with di erent methods and found to be consistent within the errors.
Then the statistical signi cance of these events was evaluated. ZEUS made a cut y > 0:25 and looked at x distribution ( Figure 3 ). The number of events above certain x was integrated. From the number of expected events from Standard Model, one can calculate the Poisson probability that at least the number of events in the data (or more) is observed by statistical uctuation. One gets high probability at low x which means the total number of events agree with expectation, and gets the minimum probability of 0.6% at x = 0:57, where 0.7 events are expected and 4 events are observed. Then the probability of observing such uctuation (0.6% or lower) in Standard Model at any x was calculated, by making many hypothetical experiments using the Monte Carlo events. This probability turned out to be 7.2%.
H1 made a window in mass axis and counted the number of events within the window, after making a cut in y. Various combination of window width and y cut were tried, and in all cases the lowest probability is found near M = 200GeV. For example, with the width 25GeV and y > 0:4, the probability is 2:6 10 ?4 at M = 200GeV. The number of observed events is 7 and the expectation is 0:95 0:18. Similarly, the probability to nd such uctuation in Standard Model anywhere in the mass range is 0.9%.
The excess was evaluated also in Q 2 projection. ZEUS observed two events with Q 2 > Q 2 = 35000GeV 2 where 0:145 0:013 are expected. The probability of such an excess at any Q 2 is 6%. H1 observed 12 events in Q 2 > 15000GeV 2 where one expects 4:71 0:76 events (Figure 4) , giving Poisson probability of 0.6%. For this region, total number of events in H1 and ZEUS is 24, where the sum of the expected number is 13:4 1:0.
Extensive studies were made about the possibility of having such events from other processes in Standard Model than neutral current DIS. Processes studied include prompt photon production, dijet photoproduction, QED Compton, two-photon processes and production of W; Z. Monte Carlo events were generated and processed through the selection criteria to see how many of these survive. The result was that negligible number of events is expected in the region studied, at most 0.1 events for both experiments.
Finally, the systematic errors in the Standard Model expectation were evaluated. Since HERA experiments are the rst to measure the proton structure functions at this Q 2 and x, one needs to make extrapolation of the measurements at the same high x but much lower Q 2 , using NLO QCD evolution based on DGLAP equations. It is also sensitive to the error in s . From the errors of xed target experiments and the errors in s , the uncertainty in the cross sections coming from these sources was estimated to be around 6.5%. Also the e ect of higher order QED radiative corrections was checked and estimated to be 2%. The errors from electroweak parameters are negligibly small.
It should be noted that CTEQ4HJ parameterization, which is inspired from the anomalous high-E T jet production in CDF and has a large gluon contribution at high x, gives only a small change in our process, less than 5%. This is because the cross section is dominated by u-quark contribution at high x.
From the experimental side, one has 2.3% error in luminosity measurement. The error coming from detector simulation is 4 to 5% in both experiments. Largest contribution to this error is the energy scale calibration. As a result, the overall uncertainty in the expected number of events in the kinematic region studied is at a few % level; ZEUS quotes a value of 8.4% as the total systematic error. 
CONCLUSION
The excess of events at high Q 2 and high x(M) observed by H1 and ZEUS cannot be accounted for by systematic e ects, nor by the background from other processes. The only explanation is statistical uctuation, and the probability is the order of 10 ?2 in each of the experiments. The distribution of the events agrees with Standard Model up to Q 2 15; 000GeV 2 , but the excess is observed at higher Q 2 . The H1 events are clustered around M = 200GeV(x = 0:44), but the ZEUS events are more spread at higher x; x > 0:55. However, the statistics are not enough to say anything about the resonance structure.
De nitely we need more data, and this year HERA has been running since March in e + p mode. We expect to double the statistics with 1997 data. As this DIS kinematic region was not explored by previous experiments, it is very important to pursue the cause of this excess.
